We show how the symmetry of motion can be extracted by using the Generalised Symmetry Operator for analysing motion and for gait recognition. This operator, rather than relying on the borders of a shape or on general appearance, locates features by their symmetrical properties. This approach is reinforced by the view from psychology that human gait is a symmetrical pattern of motion, and by other works. We applied our new method to compare animal gait, and for recognition by gait. Results show that the symmetry properties of gait appear to be unique and can indeed be used for analysis and for recognition. We have so far achieved promising recognition rates of over 95%. Performance analysis also suggests that symmetry enjoys practical advantages such as relative immunity to noise with capability to handle occlusion and as such might prove suitable for applications like clip-database browsing.
INTRODUCTION
Analysing mammalian movement would intuitively appear more demanding than rigid body movement. There are recent studies in computer vision and in psychology which suggest that human gait has symmetrical properties. We capitalise on these to show that we can distinguish human and animal movement and, further, use this to recognise people by the way they walk.
Recognising people automatically, e.g. by face or palm, is of increasing interest. Recently, gait recognition has been added to this domain. As a biometric, gait concerns recognising people by the way they walk. One major advantage of gait over other biometrics (e.g. fingerprints) is that it does not require contact. Advantages of gait in application scenarios are that it is difficult to conceal to disguise whilst maintaining apparently normal movement. Though it could be argued that physical condition factors such as drunkenness, pregnancy and illness can affect motion, these factors are similar in principle to factors affccting other biometrics. The aim of gait recognition is to recognise people regardless of clothing or differing background. There have been studies of gait in other areas, including medical studies, psychological studies, modelling human motion and tracking people. Amongst these, psychologists suggest gait is a symmetrical pattern of motion [3] and that humans perceive gait as unique.
There are already a number of approaches to automatic gait recognition. In the spatio-temporal approach, which is probably the earliest, the gait signature was derived from the spatio-temporal patterns of a walking person [8] . The different patterns of the motions of the head and the legs in translation and time were extracted. The patterns were then processed to determine the motion of the bounding contours from which a five-stick model was fitted. The gait signature was then derived by normalising the fitted model in terms of velocity, that is by linear interpolation, and encouraging (85%) recognition rates were achieved.
In [ 5 ] , optical flow was used to derive the gait signature by analysing the motion content (shape of motion) of a human walking. Generic object-motion characterisation is also another approach where the gait signature is derived from a parametric eigenspace [6] and the approach was applied to a database of seven subjects with ten image sequences each. The recognition rates were 88% and 100% for 8 and 16 eigenvectors, respectively.
The approach was extended [4] to use canonical analysis, a model free approach to reduce the dimensionality of the input data whilst optimising class separability. Recently, Shutler et a1 extended statistical gait recognition via temporal moments [ l l ] . This derived statistics with an intimate relationship to gait, with symmetry properties. In other studies, [7, I ] pendula modelled the periodic motion of the thigh during walking, again suggesting that analysis of symmetry is suited to gait recognition.
MOTION SYMMETRY AND ITS EXTRACTION
Symmetry is a fundamental principle and most objects can give rise to a perception of symmetry[l0]. An object is said be to symmetric when the response to symmetry operations is invariant. Such operations can only do so when the shape of the object is known in advance, rendering these symmetry operations inefficient. The discrete symmetry operator can estimate symmetricity without the knowledge of the object's shape, unlike feature extraction operators that find a shape by relying on its border. The symmetry transform assigns a symmetry measure to each point in the image and is determined with respect to a given point-symmetry group. It appears that 0-7803-6725-1/01/$10.00 02001 IEEEthe performance of the symmetry transform is not affected by existence of several objects in the scene [lO] .
T o extract the symmetry of moving subjects, the feature templates are extracted from each gait sequence to give a template sequence. The symmetry operator uses the edge map to assign symmetry magnitude and orientation to each image point, accumulated at the midpoint of each pair of image points.
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The symmetry distance weighting function, D, is defined as the minimum effort required to turn a given shapc into its symmetric shape. It reflects the distance between two different points Pi and P,, and is calculated as:
where (T controls the scope of the function. Each value of 0 implies a different scale thus making it suited to multiresolution schemes. A large value of (T implies large-scale symmetry that gives distant points similar weighting to close points. Alternatively, a small value of 0 implies local operation and local symmetry. Recently a focus, p, was therefore introduced into the distance weighting function to control the focusing capability of the function, hence further improving the scaling possibilities of the symmetry distance function. The addition of the focus into the distance weighting function moves the attention of the symmetry operator from points close together to a selected distance. The logarithm intensity function, I,, of the edge magnitude M (as delivered by, say, the Sobel operator) at point ( X J ) is I,= log( I+MJ Using the logarithm reduces the differences between high gradients or symmetries resulting from weak edges, making the correlation measure less sensitive to very strong edges. The phase weighting function Ph is: 
SYMMETRY AND GAIT
The gait signature for a subject is derived from an image sequence. The following gives an overview of the steps involved. First, the (static) image background is basically subtracted from the original image, Fig. 3a to obtain the silhouette though there are actually new methods for this. The Sobel operator is then applied to the silhouette, Fig. 3b . Where the gait signature is derived from optical flow information, the optical flow image is extracted from two successive silhouettes. The edge-map is thresholded so as to set all points beneath a chosen threshold to black, to reduce noise or remove edges with weak strength, as perhaps due to background removal. The syninietry operator is then applied to give the symmetry map, Fig. 3c . For each image sequence, the gait signature is obtained by averaging all the symmetry maps.
The Fourier transform was then applied to each of the gait signatures and the transform was low-pass filtered to ensure the recognition rates were not dominated or influenccd by noise.
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Separating animal movement
The technique was first used to demonstrate that animal movement could be separated. As such the test sequences used were an elephant, a zebra and a bulldog. The concern here is distinction between quadrupeds; the symmetry operator has been arranged specifically to analyse the motion of pairs of legs. As such, this indicates whether symmetry can be used to separate animals by gait.
The gait signatures of these animals are shown in Fig.  4 . Here, it can be seen visually that each of these animals is distinct, and by comparison with Fig. 3 , different from that of a human. The signatures have two for the same zebra, taken at different times. In one, the tail is moving rapidly but this does not affect the resulting symmetry by the speed of movement and the averaging used. In fact, classification separated each of these sequcnces perfectly: in ternis of structure, the zebra signatures are niuch closer to each other than thc other animals. Naturally, these results are only introductory: future work will aim to qiialify how human motion can be separated (not just from similar animal movement), and also how it might be deployed in, say, clatabase browsing. Even though recognition rates of 100% were achieved, it was observed that selecting fewer Fourier components may affect the recognition rates on a larger database, depending on the value of radius used. This is shown in Fig. 5 where radii less than 4 led to poorer recognition rates. This needs to be investigated further.
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Performance analysis of symmetry operator
Performance was evaluated with respect to missing frames, additiodomission of spatial data and noise using the SOTON database. Out of the 16 images sequences in the database, one image sequence of subject 4 was used as the test subject with the remainder for training.
The additionlomission evaluation was done by masking with a rectangular bar of different widths: 5, 10 and 15 pixels in each image frame of the test subject and at the same position. The area masked was on average 13.2%, 26.3% and 39.5% of the image silhouettes, respectively. The bar either had the same colour as the image silhouette or as the background, as shown in Fig. 6 , simulating omission and addition of data, respectively. In both cases, recognition rates of 100% were obtained for a bar 5 pixels wide, for both values of k. Naturally, the symmetry operator can handle noise by the averaging associated with its evidence gathering and experimentation has confirmed that using symmetry can tolerate additive Gaussian noise. The missing image frames evaluation also showed that the operator can handle time lapse imagery. In future we aim to analyse performance in more detail, and on a larger database of subjects.
CONCLUSIONS
This paper supports the psychology view that the symmetry of motion can be used for recognition. We have therefore presented, as a starting point, a new approach that develops a symmetry signature that can be used to analyse motion and for recognition. The symmetry operator, essentially, forms an accumulator of points, which are measures of the symmetry between image points to give a symmetry map. By using the symmetry operator, the Fourier Transform and a simple classification approach, the results have shown how animal movement can be discriminated, and how human motion can be recognised. Comparable recognition rates for human gait have been achieved using the same databases as in other works. The symmetry operator has performance attributes in that it can handle missing spatial data, missing image frames, and to some extent noise. As such, analysis of motion by symmetry might have a promising future.
